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ABSTRACT 
Taekwondo (TKD) is a popular sport among ado- 
lescents, but the potential benefits of TKD trai- 
ning to young individuals are not well under- 
stood. The objectives of this cross-sectional ex- 
ploratory study were to compare flexibility, mus- 
cular endurance, body composition, and simple 
reaction time between TKD-trained adolescents 
and controls. Twenty TKD-trained adolescents 
aged between 10 and 14 and 20 age-matched 
healthy controls were asked to perform five phy- 
sical fitness tests: a sit-and-reach test, leg split 
test, skinfold measurement, one-minute curl-up 
test, and ruler-drop reaction time test. The re- 
sults revealed no significance differences be- 
tween the two groups in sit-and-reach distance 
(p = 0.690), leg split angle (p = 0.789), percentage 
of body fat (p = 0.342), or number of repetitions 
in the one-minute curl-up test (p = 0.250). How- 
ever, the TKD group had significantly faster re- 
action times in the ruler-drop test than the con- 
trol group (p = 0.005). The results thus suggest 
that although TKD training may improve reac- 
tion times in adolescents, it may have little effect 
on flexibility, muscular endurance, and body 
composition (percentage of fat). TKD may be a 
suitable exercise for improving simple reaction 
time, but it may not be suitable for improving ge- 
neral physical fitness in adolescents. 
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1. INTRODUCTION 
Inactivity or suboptimal levels of physical activity is 
associated with adverse health consequences in adoles- 
cents, such as obesity [1,2]. It has also been reported that 
active teens are less likely to engage in risky behavior 
(e.g., cigarette smoking and alcohol intake), enjoy higher 
self-esteem [1], suffer fewer chronic diseases, are more 
physically fit, and have better bone health [2]. These 
potential beneficial effects of physical activity may per- 
sist into adulthood [2]. Physical activity, including par- 
ticipation in sports, is thus of paramount importance in 
young people. 
Taekwondo (TKD) is a form of martial arts that origin- 
nated in Korea, and has gained popularity among young 
people internationally. More than 80 million people 
worldwide currently practice TKD [3-5], but the poten- 
tial physical benefits of TKD training in adolescents re- 
main unclear. A review of the existing evidence shows 
that TKD training may be associated with a reduction in 
fat and improvements in flexibility [6] and reaction time 
[7], but seems not to improve muscular strength [6]. 
More studies are needed to establish the efficacy of such 
training in improving health-related physical fitness in 
young individuals. The aim of this study was thus to 
compare flexibility, muscular endurance, body fat per- 
centage, and simple reaction time in TKD-trained ado- 
lescents and age-matched healthy controls. Its findings 
may inspire the use of TKD in improving health and fit- 
ness in adolescents. 
2. METHODS 
2.1. Participants 
*Conflicts of interest: The authors declare that they have no conflicts of 
interest with respect to the authorship or publication of this paper. No 
funding was provided for its preparation. 
Twenty young TKD practitioners were recruited from 
a TKD association by convenience sampling. The inclu- 
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sion criteria were: 1) aged between 10 and 14 years old 
and 2) involvement in regular TKD training (for at least 
90 minutes per week) for more than three consecutive 
months. The exclusion criteria were: 1) a significant 
musculoskeletal, neurological, cardiopulmonary, or gene- 
tic disorder and 2) regular, intense participation in sports 
activities other than TKD. Another 20 healthy age-ma- 
tched adolescents were recruited from the local commu- 
nity as controls. The latter had to fulfill all of the afore- 
mentioned inclusion and exclusion criteria except for 
regular TKD training.  
This study was approved by the Human Subjects Eth- 
ics Review Subcommittee of the Hong Kong Polytechnic 
University, and followed the guidelines of the Declara- 
tion of Helsinki. Written informed consent was obtained 
from both the participants and their parents. All of the 
assessments were conducted by four physiotherapy stu- 
dents. After a short warm-up period, the participants per- 
formed the following tests in random order. 
2.2. Sit-and-Reach Test 
The sit-and-reach test was used to assess participants’ 
lower back and hamstring flexibility [8] because such 
flexibility is essential to execute the high kicks required 
by TKD [9]. During this test, the participants sat barefoot 
in the long sitting position with the soles of their feet 
pressed flat against the sit-and-reach box. They were 
instructed to slowly reach forward (with both hands in 
parallel) as far as possible with their knees in full exten- 
sion. The bilateral fingertips of their middle fingers had 
to overlap and remain in contact with the measurement 
portion of the sit-and-reach box. The most distant point 
(in centimeters) reached with the fingertips was recorded. 
The participants performed three trials, and their best 
score was used for analysis [8]. 
2.3. Leg-Split Test 
Because flexibility is joint-specific and TKD training 
involves many kicking movements (e.g., side kick and 
roundhouse kick) that require flexibility of the hip ad- 
ductor muscles [9], participants’ hip abduction passive 
range of motion (ROM) was measured. They lay supine 
on a mat with their pelvis kept level. The assessor then 
slowly moved the tested femur (hip joint) to the limit of 
hip abduction with the knee in extension. Participants’ 
maximum passive hip abduction ROM was measured 
with a universal goniometer [10]. Each hip was assessed 
three times, with the average hip abduction ROM re- 
corded. The average hip abduction ROM values of both 
hips were added together to represent the combined leg- 
split angle, which was used for further analysis. 
2.4. One-Minute Curl-Up Test 
The one-minute curl-up test is a commonly used field 
assessment for muscular endurance. The participants as- 
sumed a crook-lying position on a mat with their knees 
flexed at 90˚ and their arms lying by the side of their 
trunk. They were then instructed to perform as many 
curl-ups as possible (i.e., to lift their scapulae off the mat, 
with their trunk forming a 30˚ angle with the mat) in one 
minute [8]. The number of curl-up repetitions performed 
represented participants’ abdominal muscle endurance, 
and was used for analysis. 
2.5. Skinfold Measurements 
The total amount of body fat was estimated using skin- 
fold measurements. According to the guidelines of the 
American College of Sports Medicine (ACSM) [8], the 
skinfold thicknesses of three body parts (for males: right 
chest, abdomen, and thigh; for females: the right triceps, 
suprailiac and thigh) were measured using a skinfold 
caliper. The sum of the three measurements was con- 
verted to body density and then to the percentage of body 
fat using regression equations. Table 1 presents the mea- 
surement sites and the regression equations used to esti- 
mate body fat in the male and female participants. The 
body fat percentages of both groups of participants were 
used for analysis. 
2.6. Ruler-Drop Reaction Time Test 
Simple reaction time was estimated by asking the par- 
ticipants to catch a falling ruler. They were invited to sit 
on a chair with their dominant hand kept in the mid- 
prone position, elbow flexed to 90˚, and forearm sup- 
ported on a table. The assessor held the ruler vertically, 
with its lower end between the participant’s thumb and 
index finger (i.e., web space). He or she was then in- 
structed to catch the ruler using a pinch grasp as quickly 
as possible when the assessor released it at an unan- 
nounced time. The reaction time (in seconds) of each 
participant was calculated with the following equation. 
 
Table 1. Skinfold measurement and calculation of body fat 
percentage in Asian populations according to ACSM guidelines 
[8]. 
 Male Female 
Sites of  
measurement 
Chest, abdomen, 
and thigh 
Triceps, suprailiac, 
and thigh 
Body density  
formula 
1.10938 – 
0.0008267 (sum of 
3 skinfolds) + 
0.0000016 (sum of 
3 skinfolds)2 – 
0.0002574 (age) 
1.099421 – 
0.0009929 (sum of 
3 skinfolds) + 
0.0000023 (sum of 
3 skinfolds)2 – 
0.0001392 (age) 
Percentage of body 
fat formula 
(Asian-specific) 
4.97/(body density) 
– 4.52 
4.76/(body density) 
– 4.28 
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Reaction time 2 distance 9.18   
Distance (m) was calculated by the difference between 
the initial and final grasping height of the ruler, and 9.81 
(ms−2) represents the gravity constant [11]. A familiarize- 
tion trial was carried out before the actual test. Three 
testing trials were then performed, with the average reac- 
tion time recorded for analysis. 
2.7. Statistical Analysis 
SPSS 20.0 was used for data analysis. Descriptive sta- 
tistics were used to describe all of the demographic and 
outcome variables. The Kolmogorov-Smirnov test was 
first performed to check the normality of the data. An 
independent t-test was then performed to compare the 
age, height, and weight of the TKD and control group 
participants, and a chi-square test to compare the two 
groups by the categorical demographic variable (i.e., sex). 
Finally, to compare the physical fitness performance of 
the TKD and control groups while accounting for the 
confounding effect of sex, single multivariate analysis of 
covariance (MANCOVA) incorporating all of the out- 
come variables (i.e., leg split angle, sit-and-reach dis- 
tance, number of repetitions in the one-minute curl-up 
test, percentage of body fat, and reaction time) was per- 
formed, with subject group as the fixed factor and sex as 
the covariate. Effect sizes (partial eta-squared) and Bon- 
ferroni-adjusted p values were calculated. Alpha was set 
at 0.05 for all of the statistical tests (two-tailed). 
3. RESULTS 
No significant differences were found between the 
TKD and control groups in age, body height, or weight, 
although there was a significant difference in the male- 
to-female ratio (Table 2). Therefore, sex was treated as a 
covariate in the subsequent statistical analysis. MAN- 
COVA revealed a significant difference in overall physic- 
cal fitness performance between the two groups (Hotel- 
ling’s Trace = 3.056, p = 0.023). When each individual 
outcome was considered, however, no significant be- 
tween-group differences were found in the leg split ang- 
 
Table 2. Demographic data of participants. 
 TKD group (n = 20) 
Control group 
(n = 20) p value
Age, year 11.3 ± 1.3 11.4 ± 1.2 0.899 
Height, m 1.5 ± 0.1 1.5 ± 0.1 0.535 
Weight, kg 43.3 ± 9.7 41.5 ± 13.1 0.634 
Sex (male/female), n 19/1 10/10 0.003* 
TKD experience, year 2.8 ± 1.8 0  
Values are mean ± SD. *p < 0.05. 
le, sit-and-reach distance, number of repetitions in the 
one-minute curl-up test, or the percentage of body fat. 
The only significant such difference was in reaction time, 
with that of the TKD-trained participants found to be 
significantly faster than that of the controls (13.6%, p = 
0.005). Among the outcome variables that showed non- 
significant between-group differences, the effect sizes 
ranged from 0.002 to 0.037, which are small effect sizes 
[12] (Table 3). 
4. DISCUSSION  
To the best of our knowledge, this is the first study to 
investigate reaction time in typically developing adoles- 
cents taking part in regular TKD training. The partici- 
pating TKD-trained teenagers had a faster simple reac- 
tion time in the ruler-drop test than their untrained coun- 
terparts. This finding is in line with previous studies 
showing a faster reaction time in mentally retarded 
youths after TKD training [13] and in TKD-trained 
adults [7]. Because reaction time can be divided into 
premotor reaction time (i.e., the latency between stimu- 
lus onset and muscle contraction onset) and movement 
time [13], we are unsure whether our TKD participants 
had a shorter premotor reaction time and/or movement 
time. Although a previous study showed that mature mar- 
tial arts practitioners have a faster movement time but 
not a faster premotor reaction time [7], further study is 
needed to explore whether the same would apply to de- 
veloping individuals.  
In contrast to earlier studies [6,14,15], hamstring and 
hip adductor muscle flexibility was no higher in the 
TKD-trained adolescents than in the controls in this study. 
The difference may be due to the large between-group 
discrepancy in the male-to-female ratio in our study, de- 
spite sex being treated as a covariate in the statistical 
analysis. As females are generally superior to males in 
terms of flexibility [16], our TKD group (5% females) 
should have displayed less flexibility than the control  
 
Table 3. Comparison of outcome variables between TKD and 
control groups. 
 TKD group (n = 20) 
Control group 
(n = 20) p value 
Effect 
size
Leg split angle 
(˚) 107.90 ± 24.80 113.68 ± 12.92 0.789 0.002
Sit-and-reach 
(cm) 24.96 ± 10.24 26.39 ± 10.58 0.690 0.004
One-minute 
curl-up  
(repetitions) 
33.20 ± 7.95 33.89 ± 8.47 0.250 0.037
Body fat (%) 13.61 ± 7.21 17.16 ± 9.65 0.342 0.025
Reaction time 
(s) 0.19 ± 0.03 0.22 ± 0.02 0.005
* 0.201
Values are mean ± SD. *p < 0.05. 
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group (50% females), but in fact the two groups displays 
a similar level of flexibility. The implication is that TKD 
training may have improved the flexibility of the largely 
male TKD group, although further prospective study is 
necessary to confirm this potentially beneficial effect. 
It is known that trunk (core) muscle strength and en- 
durance are essential for sports performance [17] and in- 
jury prevention [18] in athletes. Therefore, we hypothe- 
sized that TKD-trained adolescents would display greater 
muscular endurance in their abdominal muscles relative 
to controls. However, our results revealed that the two 
groups performed a similar number of curl-ups in one 
minute. Previous studies have also reported muscular 
endurance, as measured by the one-minute sit-up (curl- 
up) test, to be no greater in TKD athletes [7,19]. It is 
possible that muscle training in TKD focuses on the 
lower limbs [20,21] rather than the trunk. As strong trunk 
muscles are essential for sports performance and injury 
prevention [17,18], TKD coaches should consider inclu- 
ding more trunk musculature-strengthening activities and 
techniques during training. 
We found no significant differences in the percentage 
of body fat between the TKD practitioners and non- 
practitioners. Previous studies have reported lower adi- 
posity in advanced male and female TKD practitioners 
who have attained the black-belt level [22] and in elite 
TKD athletes [23]. These findings do not contradict ours, 
as our participants were recreational TKD practitioners 
with an average of only 2.8 years of training experience. 
None had yet attained the black-belt level. We thus pos- 
tulate that the insignificant between-group difference was 
the result of participants’ inadequate training period and 
the low degrees of intensity and frequency of that train- 
ing [8].  
The major limitation of this study was its cross-sec- 
tional research design. We cannot be sure whether the 
observed difference (in reaction time) was the result of 
nature (e.g., genetics) or nurture (e.g., TKD training). 
Further prospective randomized controlled trials may be 
necessary to confirm the beneficial effects of TKD train- 
ing in adolescents. Moreover, the effect of sex should 
also be taken into account when analyzing physical fit- 
ness variables. Researchers may consider using a larger 
sample and analyzing the data on males and females se- 
parately. 
5. CONCLUSION 
Adolescent TKD practitioners demonstrate a faster 
simple reaction time than their untrained counterparts, 
although the two groups have similar levels of flexibility, 
muscular endurance, and body fat. TKD may thus be a 
suitable exercise for improving simple reaction time in 
adolescents, but may not be appropriate for improving 
general physical fitness in this population. 
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